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FREFACE

This report is the tenth in a series published by the Electronics
Personnel Rosearch group. Tha first seven described shipocari observa-
tion of electronice personnel aboerd saips of the destroyer class. The
eightk, ninth, and teuth reports ere concerned witn the resulte of col-
lateral research.

The ninth report describes a new type of test format, the MASTS
test, designed for measuring scme aspects of frouble shooting skill,
ang sets ferth the conception of troutle shcoting underlying its devel-
opaent.

This report contains a summary of the results of a preliminary study
in which the MASTS test, s job-sample test, taree conventional electron-
ics tests, and several ability raference tests were aiministered to a
small sample of Electronics Technicians from spips undeisolng repairs in
the Long Beach Navel Shipyard.

The study ylelded positive reeulis lnzofar as the cxperimental in-
strument was concorned. However, it had two charecteristics vhich pre-
cluded its economical use on large samples: it w28 an Individual test
and it required an observer to record sach supject's presolution res-
penses. In view of the fact that tas preliminary resultis were promicsing,
an immediste revisicn of the MASTS tests was beguny end enrrently is in
progress, to convert the inetrument from an individual to a greup test,
and tou provide a mecnanigm for autcmaticelly recording the subject's
successive responses. Because of this sslf-recording feature, the name

"
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In the interests of economy, it kas been nscegsary for the project
2 cencentratsy 1o efforte on the AUTOMASTS.  Therefore, Technical kevort
No. 10 must te cousidered as an interim report covering & portion of the
performance records whicli were collected at long Beach. Specifically,
the report contains conly end-product scores, so far as the MASTS test
and the job-.semple test are concerned. 1hs detailed records which were
taken of the subjects' presolution responses are being used in conjunc-
tion with the development of new sccring parameters for tne revised test,

bs discussed in the reports concerneld with that instrument.
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TRACT

This report summarizes the results of en exploratory uss of the
MASTS test with Electronics Technicians. This test, a job-sample test,
and several eslectronics and ability reference tests were administered

to a small sample of ETs. Rank order correlations of end-product scores,

between the MASTS test end its job-sample sounterpart, werse positive and
significent. The report describes the tesis involved in the study, the
subject sample, and the procedures fallowec.
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A METHODOLOGICAL STUDY OF ELECTRONICS TROUBLE SHOCTING SKILL:

I1. INTERCOMPARISONS OF THZ MASTS TEST, A JOB-SAMPLE TZST,

AND TEN REFERENCE TESTS ADMINISTERED TO FLEET ELECTRONICS TECHNICIANS

e e

I. INTRODUCTION

The study to be descrived is part of a general progrem to
analyze objectively and tc describe the jot of the naval electronics
technician. Some studies in the pregram have been concerned with the
observation of masintenance preblems in the fleet (Reports 1 through 7
of this series), while others have concentrated on the analysis of the
behavioral aspects of electronics trouble shooting. Following & logical
wnalyels of the trouble shcoting process, a job-sample test requiring
the repair of s.iandardized equipment was developed, along with a sym-
bolic version of the tasks involved. The latter was put into a special
test format called the mMasT3 test, (see Report Y of tnis series). The
study reported here gives the resuzlts of an explorastory administration
of several measures of trouble shooting skill to a group of experienced
electronics technicians in the fleet.

The study had three specific chjectives:

1. The first was to evaluate the feecsidlliity of & trouble
shooting performance test more sysbolic in nature than
an equipment test {cr performarce oa the job), yet not
as restrictive as conventional paper-and-pencil tests.
Such an instrument (the MASTS test) was evaluated by

compuring it with an equipment test in tarms of end-
product scores.

~1.
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2. The second goal involved collecting empirical informa-
tion from which revision and improved development of
such a test could be schieved, if the instrument proved
feasible.

3. The third objective was to explore the relstionships
among the two performance tests (job-sample and mrSTE)
and selected reference varialles. The reference mea-
sures were of thrae main clasees: paper-and-pencil
electronics tests, abllity reference tests, and super-
visoris ratings.

II. DESCRIPTION CF MATERIALS AlD SUBJECTS

Fourtesn measurements, exclusive of part¢ scores, were madle for each
of 36 electronics technicians. The measurements consisted of one job-
sample trouble snooting test, two forms of thoe MASTS test (Plate 1),
three elactronics reference tests, seven ability feference tests, and cnd
supervisor's rating. Each of the tests and the subject sample is des-

cribed below.

A. The Job Semple Test (JS)

A performance test which closely resembled the trouble shooting of
fleet elecironins equipment was constructed from the circuit training
racks and chassis developed by Philco. This gear had interchangeable
chassis ccorrespornding to circuit stages. With the sxception of large
transformers and some potentiometers, components were mounted on re-
movable strips. This made replacement of components easy and facilitated
introducing test problems (malfunctions) into the instrument (see Plate 2.)

Twc separate racks were employed for the test. The chassis for a
conventicnal superhet~rodyne receciver were assembied.on one rack. The

1lified aweepn ganeraror comparable to that
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used in radar circulte. As 2 result of preliminary testing, tun sets

of problems in the form of malfunctions (faults) introduced into %the
equipment were selected. These ware used for alternate tests, each
heving six receiver and six radar problems. The probleme were care-
fully selected and matched according to characteristic component fail-
ures of particular circuite cr stages.

Auxiliary equipment for the job-sample test included a multimeter,
8ignal generator, tubde toater, cathiode ray oscillogragh, a set of hand
tools, a rack containing spare parts, end a list of cecmponent values
and circult volteges. Each subject wae introduced to the geer by a des~
cription of its general physical layout. He was glven an opportunity
to observe the equipment in normal operating condition and to study the
schematic diagreme. This was followed by a wart-up problem to further
orient the subject and to answer his introductory questions., TFor each
suhsequent prodlem the man was given gensvral outpul syupluas vuly, such
as might be reported by an operator calling for an ET.

By means of a speciul code a detalled account of the step Yy atep
responses of eech technicien was made as he used test equipment at test
points and applied other diagncstic procedures to the equipment. Initial
scvring wae done in terms of the total rumbder of problems scived znd the
modian golution time per problem. Each prowlem was considered svlved
when the gear was put back in uormal operztion. A time limit of 35

minutes per problem was used in the job-sample test.

The »uitiple alternative Uymtolic Trouble Shooting Test (raSTS)

L]

inzs test replaced both electronic equipment and test instruments

in the trouble shooting situnation, by s symholic format which contained
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a majority of the subtasks represented in trouble shooting behsvior.

For each problem, the subject was provided with a pool of information,
which he could sample according to his own inclinatione.

The apparatus and procedure for the 1hSTS teet were described and
illustrated in detail in Report 9 of this serles. In brief, it consise-
ted of a masonite board containing e matrix of holes, each provided
with a removabie cork. (Plate 1). When a cork was removed, a unit of
the information typed on a problem sheet beneath thes board was made
visible. One hurdred groups of five holes each wers used to represent
information on 100 different test points within the circuit in jquestion.
Five classes of information, AC volis, DC vnlts, ohms, signal generator
readings, or wave forms, and the effect of "tapping! a test point with
a screwdriver were included in the problenn sheets.

In addition to the section containing information at test points;
there was a panel contalning holes for each component in the circuit,
including majcr lzz2is., The firet column provided information which
would be obtained from varying front panel controls and screwdriver ad-
Justments. Six sther cclumns were labeled "suostitute new component."
For any particular probdlem, one of the corks in this section corres-
porded to the component in the circuit which caused the malfunction.
Under it was printed the phrase "geer normal." The spaces under the
other corks in this section were blank.

The 1442STS test contained twelve receiver proklems and twelve radar
problems. These wers divided into two groups Lo yprovide two sats of
protlems, either of wnich could ve used as one tesi. These Tesws weore

administered individually according to a standard procedure wnichk wus

-k




described in detail in Report 9. A time limit of 20 minutes per problem

#o8 used. The following performance records were obdtained from sach
subject: (a) time required to solve each probiem, (b) number of problems

solved, and (c) complete response records of pre-solution behavior.

C. The Modified MASTS Test

A variation of the MASTS test was introduced to study the effect
of msking the discrimination of "ususl" or "unusual"” for each unit of
teet point infermetion available to the subject, It was identicel with
the mASTS test except that all the readings vere expressed in words
which related the particular reading from faulwy gear to the corres-
peniing readirg taken when the gear was functioning normally.

For example, wanen a man lifted a perticular corik to cttain a DC
voltege reading, instead of seeing & numter ne zaw cne of the following
words or phrasges: "™up to infinity," "extremely high," "somewnat high,"
fusual," "somevhat low,!" "extremely low," or "sbsent." The word "usual"
meant that the reading ai this particﬁlar roint vas the gsome =29 1t wonld

be 1f there were no fault in che gear.

D. Reference Tests: Paper-and-Pencil Trouble Shocting heasures

Three peper-and-pencil *tests ot trouble shooting were constructed
and administered es part of the test battery. The three tests differed

svetemetically in degree of ebetrection from the sctual trocuble shooting

~

tasic. The first (ER-1) was a multiple-choice test of theovy and elec~
tronice knowledge, particulsrly of hew radio receiver and radar circuits

operats,  Ine second (IR-2) wes & maltiple-caoice test of general

tronble grooting in wiien generalized faults or maltunctions were related




to poasible causes.

The items of the third papsr-and-pencil test (ER-3) were based on
the same circuits used in, and on probleme similar to the troutle shoot-
ing problems in the job-sample and MASTS formats. It presented these
prodblems in terms of the conventional multiple-choice and cther short
answer type of iltem. A verbal statement of asymptoms was mede, follecwed
by alternate statements abcut test points, relevant circuit tests, or

likely faulty components.

E. PReference Tests: Ability Measures

A series of additional ability measurss were introduced in an at-
tempt tc add meaning to any relationships determined among the perform~
ance variables. These abiiity tests were chosen from published tests
on which standardization information was availabie. Particular atten-
tion was paid to the likely relevance of their factorial content to per-
formance variables in the trouble shooting realm.

Q.
-

e
arvey,

Two 0% the tests were {1om the Gulllord-Zilanscwan Spritude
Part I, Verbal Comprehension, and Part VI, Spatial Visualization. All
others were specizl tests developed in connection with Naval studies of
reasoning and flexibiiity of set. They included: the ¥U.3. Navy Reasoning
Test I; Problem Solving, Form AX2; Logical Reasoning, RL.KO54; Circle
Reasoning (no code); HMatch Problems CXO03B; and Brick Uses CFOLA.

These particular tests were chosen because the abilities which they
measure were hypothesized to be related to the skills reguired in trouble
shooting electronics gear. The first two concerned comprehension of

vertal materials and the avility to viasualize spatiazl relationships,

which were telieved to play a part in electronics repair. A second group

b~
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of tests sampled reascning and problem sclving abdilities. The last two

sets explored the element of flexibility of behavior, some sspects of
which (e.g., functional fixedness) have been shown to be relevant to

lack of success in problem solving behavior,

i

F. Sabjects

The measures described adbove were administered to thirty-six ex-
perienced ETs obtained from ten shipes in the Pacific Fleet (8 des-
troyers, 1 cruiser, 1 carrier), The services of these men were made
availatle while the ships were in the Long Beach MNaval Shipyard for re-
pair. Facilitlies for testing were provided through cooperation of the
Treining Divieion of the shipyard.

In selecting suvjects for testing, two criterie other than avail-

ability were used. No strikers were included who had not atterded

OIS s EATEIPY AR
P O N P A

RIS zg ¢f
the possibility that they may have become primarily supervieers. A de-
tailed account of the ET samnle by classes of ship, rate, length of ex-

perience as ETs, and extent of formel electronica schooling is given in

Tabiles A and B in the appeudix to this report.

II1. THS EXPERIMENTAL J2W3ICN

Because of the fact trat ihe principal weasures in the group, the
job-gample sund #:.3T3 tests, had not bzen used asxtensively before, it uas
not possible to predict the effect of cartain fest administration va-
riebles such as the order of adxlaistrantion of ths tests, u:ic order of
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It wes therefors necessary %o choose between two somewhat opposel goale

for the obeervatisnal eituction: (1) to meintein the above conditions at
ag constent a value sas possible in an attempt to keep correlations among
the variables as high as possible; or (2) to systematically vary the
conditions which appeared relevant in order thst the extent to which
they would affect test results could be objectively assessed.

In evaluating these alternatives it was recognized that the former
would maximize the intercorrelations among variables unlees eome unfor-
tunate selection of the "constant! values was chosen. On the other hand,
this epproach would yield no cbjective date on the effects of these va-
riebles which could be utilized in further work with the instrumsents.

The second alternative possesses ulmost opposite advantages and
disadvantages. 3By systemntically varying the test adninistration veri-
ahles, one could objectively evaluate their influence, but correlztions
would Le atte iated if these variadles influenced scores.

Because ths study was considered to be primarily an exploratory one,
the decicion vag made to adept a compromise solution. A comnterdalanced
design wae developed which systematically varied (1) the order of admin-
istration of ths job-sample ani MASTS tests, (2) the order of the prob-
lems within the test, end (5) tné assigmment of prodlem grours {eguiva-
lence of probieme), The design is diagrammed in Takls C of rhe appendix,
Twesnty~-four subjects werz reguired for one admianisirztion withouv rspli-

cetion. Because tne complete administration in counterbalanced ordsr

i,

recuires a very long testing time per subject, only one replication o

wna design (24 subjects) was used, To tnis was added a group of 12 sule

m

jects for whom all conditions were kapy as uniform as possldle.

8.




These 12 subjects duplicszted the conditione of 6 of ths "counterbalanced®

subjects, resulting in a "hciogeneous" group of 18 asubjects.

In summary, then, the compromise program of the research was to ad-
minister to 24 subjects one replication of the counterbzlanced design
jescribed in Table C of the appendix, and to use a homogeneous sat of
conditions for an odditional sample of 12 subjects, The get of values
of the "controlled" variahles used for the "homogeneous" group correa-
ponds to the top row of the counterbalunced design (job-sample test first;
problem order A, B, C, D, E, F etc.)., Subsequent analyses will be made
in terms of the total group (36 men), the homogenecus sub-group (18 menj,

and the counterbzlanced {heterogeneous) sub-groups (24 men).

A Comgarison of the MASTS Tests With the Job Sample Test

L. The MASTS Test., On the assumption that the symbolic (MASTS)

test measures many of the same skilla that the job-sample test dces, a
sigrificant correlation would be expected bstween scores on the two meas-
ures. Two classes ¢f scorss could ba used for studying this relation-
ship: one bazsed on grose performance (suck as number of prcblems sclved
and time required for solution), the cther based on analysis of irter-
mnediate response recerds. Only the first of these will be discussed in
this report.

Several types of gross scores ars available. The two mest

(%]

ohvious are: {z) the mumber of proolems solved withiin the problem time
limit, and (») some average {medlan) of the sclution times of the sub-

Ject per test.
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The scores were firast arranged in order sccording to tne number cf

problems solved. Then, since there were several persons with the same
number of solutions, the medicn solution times were intrcduced as a basis
for differentiating omong these "tiea." For these combinction measures,
the renk order ccrrelstions between job-sample and MASTS tot: 1l scores

for different subject and problem groups are given in Tedble I. Similar
correlations for pert scores are indicated in Tuble II for the total

group (i = 36)3 for the homogeneous group (N = 18); and for the counter-

balanced group (N = 24).

Table 1

Rank Order Correlstions Between Joo Sample =znd MASIS Total Scceres

Iho -
A1 subjects . . . . . . . .. e .56 26
Sutkiectes under homogeneous conditions. . . . .61 18
Subjects under counterbalaned conditions . . .59 2u
Counterbalanced subjects rcceiving alternate
forms:
’S form IIB and mMaST3S form 1A . . Lu5 12
J: form I4 and aaSTS form IIR . . .65 12

In summary, these correlations indicated a falrly high correletion
between job~saomple and MASTS total scores for sll groaps. The most
stable of these (N = 36) would lead one to reject the hypothesis of no
relstionship a2t a significnnce level o¢f one jpercent. The correlstions

corruted from groups having *the ssme problems (N = 12) were more vari-

sble with values beth higher (.75} and lower (U5}, 1t wes impossidle

-10-~
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to tell from these data whether this variation was due to problem group

differences or sanpling fluctuations,

Table I1I

Rank Crder Correlations Retween Job Sample and MASTS Part Scores
frem Receiver and Radar Sub-tests

MASTS3 MASTS MASTS

Total Receiver Radar

Total Group (N = 36) T

J5 Total Score .56 43 .39

JS Receiver Part Score .56 .21 .58

JS Radar Part Score .43 50 .13
Homozeneous Sub-group

(§ = 18)

J5 Totul Score .61 .63 .34

JS Receiver Fart Score L7l .56 b8

JS Rsdar Part S3ccre .45 5y .15
Counterd®alanced Sub-group

T = om

JS Total Score <59 .37 L2

JS Receiver Part Score 57 21 .52

JS Rader Pert Score .36 .38 .13

Correlsasticns among part scores also veried, and it is not possible
to tell which differences represent true differences. However, most of
the correlations are moderately high and positive. Job-sample receiver
items appeared to correlate consistently more highly with MASTS total
scores than did job-sample radar problems, and MASTS vadar problems ap-
peared to correlate more highly with job-sample receiver items than they

did with job-tample redar items. In fact, the lcweest correlations

-11-
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obtained were betwesn the MASTS radar items and the job-sample radar

items. This was duo in part to a very small range cf scores in the redar
sub-tests.

Another bacis for comparing the two test formats was the differcnce
in the mesan number ¢f correct solutions and median solution times. It
vill be noted from Tadble 111 that the job-sample test yielded e signifi-
cantly greater avereze number of solutions than did the MaSYS test, and
for the homogeneous group of subjects {n = 18) the job-sample test gave
a significently longer median time required for solution. O0Of these, the
former coapariscn (between number of solutions) was more meaningful in
this context. The MASIS test wculd be expected to take less time because
the time consumpticn per move was less. The ditfference in apparent sig-
nificance of solutisn tine results for the two groups (counterbalan-ed,

n = 24, and homogencous, n = 18) was attrituted to the presence o!f sdmin.

Istrative vzriadbles in the counterbalanced group and their absence ir

the hocaogeneous group.

Table II1

Differencea Petgen Job Sample and MASTS Tests in Terms of
Mean MNumber -of Solutions and Means of Individuval Median Solution Times

Job g
Sarple  MASTS  Diff.  Diff, o t
Mumber corrsct soluticns
Heterogenaous group 7.96 6.75 1.21 <395 2u 342
Homogeneous group 8.17 6.9k 1.25 L4117 14 2.93%=
Solution times - minutes
Heterogensous group  15.40  1L.6u .76 870 24 .87
Homogenecusa group 15.22  13,zh 1.98 .802 18 . 2.u7e

* Significant st .05 level
*¥ Significent at ,01 level

-12-
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2. DThe Mcdified MASTS Test. The modified form of the sym-

bolic test was intrcduced to check upon the effect of the form in which
the infcrmation wes provided to the subject. The MASTS test was modi-
fied by giving verbdel infcrmation at test points rather than acuual
readings., For example, words like "high" or "low" tock the place of
numbers expressing voltages, chms, etc, (see previous section).
Correlationc between the modified MASTS test and the job-
sanple end original MASTS tests are given in Table IV. 1In interpreting
these results it is important to keep in mind that the modified MASTS
test contained only six receiver items, whereas the original M.ST3 had

8ix receiver and six rodar items. This reduced the range of scores,

with a consequent effect upon correlations. The correlations between

Jjob-sample total scores and modified MASTS total scores were uniformly
lower than those between job-sample and original Ms3TS scores. However,
the amount of difference was small and could be due entirely to the
factors mentioned above ~ and not to intrimsic difrerences lLetween the
original MASTS and the modified MaSts,

The conclusion wiaich appeared mest appropriate here was that
nc clear-cut difference between the two MaST3 tests waé reflected by

the correletional enslysis.

3. Summary: Homozeneous Suoject Group. Tabdble IV contains

the correlations between job-sample, MASTS, and modified MASTS sccres
for four different scoring procedures. The group on which these values
were computed ng tne "hémoseneous subject group, ' 2ll of whom took the
same tests and the same proklen gréups in the same order. It will be

noted thzt the vericus svoring nrocedures yieiled comnurable results and

<13



the correlations were eimilar tc those in Tables I and II.

Tadble IV

Rank Order Cerrelations Between Job Sample, MASTS, a&nd Modified MASTS
Scores for Various Scoring Procedures*

N =18

Test and MASTS MASTS MASTS Modified
Scoring Procedurs Total Receiver Radar MASTS
Job Sample Total

Kumber solved .60 95 Ll W49

Median time 71 .76 Y .85

AMjusted cut-off .67 T4 42 .60

Ccmbined score .61 .63 .34 O
Job Sampls Receiver

Murber solved .71 .55 .66 .68

Median time .58 .52 .65 3

Ajusted cut-nff .71 .64 .63 .63

Combined score T4 .56 .68 .75
Job Sample Radar

Humber solwved pnn .50 .25 21

Median time 53 .6@ .25 39

Adjusted cut-cff Y bl ) 25

Combined score .45 .54 .15 3e
Mcdified MASTS

Number solved . (0 Sl .58

Median time .72 .69 5%

Adjusted cut-off b7 .60 51

Coubined score oY 56 <95

* Number solved: numdber of prodleams solved within respective cut-off
times.
Median time: median soluvior times per subject per test within cut-offs.

Adjusted cut-off: number cf problems solved within the median
solution times for each prodblem group.

Combined score: using rumber solved to rank tne gsubjects and median
time to resolve tied scores.

oy

Compariscn of Job Sample and MASTS Tests Wiih Reference Heasures

1. Electronics Reference Tests. The job-sample and MASTS

tests were constructed on the assumption that more of the true variation

in t{rouble shooting benavior could be captured in their "realistic®

-14-
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formats than was possible with more conventionel achievement tests of
the paper-and-pencil variety. To check this assumption, three paper-
and-pencil tests (describved earlier) were asdminlistered. The three tests
represented differenc subject matters: ER-1 covered krowledge of elec-
tronic theory; ER~2 desalt with generalized trouble sheoting problems;
and ER-3 used problems from the Philce gear as the ozcis for multiple-
choice type test items.

The correlations among the elactronic reference tests and the

Job-sample and MASTS teats are given in Teble V.

Tatle V

Rank Order Correlations between Performance (Job Sample end MASTS) Test
Sceres and Scores on Three FElectronics Reterence Tests { RR-1, FR-2, TFR-3)

N = 36
Combined {Total)
ER-1 ER-2 ER-3 ZR Score

Job Sampie Test

Tetal Scores GE . T o Ou .0

Receiver Part Scores b1 .76 .54 6o

Radar Part Scores He 45 B0 e
MASTS Test

Total Scores .55 .55 46 56

Recciver Fart Scores .50 5 .34 .LC

Radar Part Scores .25 .36 .27 Y

Modified Test Scores b3 45 .28 .58

Further study would be necessary to determine whether these substantial
correlations were due to commcn subject matter underlying the various
formats or to other common variables not neceésa:ily part of clectronics
trouble shcoting skills. It is probdable that thesa results with paper-
and-pencil tests would nct apply to electronics achievement tests in

general. The many possivilities for different paper-and-pencil formats

~15-




for representing electronics trouble shooting problems have not yet been

widely explored or objectively evaluvated.

©+ Ability Reference Tests. Thu correlations of scoree >n

the _ob-sample and MASTS tests with the various ability reference tests
are given in Table VI. All were statistically insignificant. The small
sample affords little basis for interpreting the cbtained differences
among coefficients. Horever, 1t 1s probadle that the job-sample and
MASTS tests are factorially quite complex. They may sample many sources

of variation besldes thote accounted for hy the reference tests.

Table VI

Rark Crder Correlations Between Performance Tests (Job Sample and MASTS)
and Seven Printed Reference Tests

N = 36
Job Sample M4STS Mocifieq
Total Total MASTS
Spatial Visualization .29 .09 .01
Problem 3Solving 24 b -.07
yeroal vomprenension v i0 oy =06
Circle Reaszoning . 1G 07 -.15
Match Tegt 23 2R -0k
Brick Uses: Ideational -.02 -.0L .22
Fluency
Brick Uses: Spontanecus -.10 C14 -.21
Flexibility
Logical Reasoning .16 2ok <12

3. Superviscr's Perforuance Ratings. The various measures

of electronics performance were ralated to estimates of gereral trouble
shooting ability of the subjects, by a rating ohtained from tne job

sanervisor (usually the electzorics material officer) of each man.

~15-
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A fifteen point scale was used with verbal anchors at the extremes and
the center. The form used is in Table D in the apPendix. It was pos-
sible to obtain ratings on thirty of the thirty-six subjects,

Tne correlations of ratinge with scores on the experimental
measures are given in Teble VII. With the exception of the MASTS test
scores, the results were quite in agreement with what would ve expected
in terms of the intercorrelations of the tests. Bectaure the MASTS re-
sults appearsd to be atypical, a comparison in terms of significance of
vhe relationship betweer the ratings and the job-sample and the MASTS
tests was made. This was done by converting both sets of data into

I

2 x 2 contingency tables and computing a chi square test of independence.

Table VII

Rank Order Correlations Between Ferformance Tests and Supervisors' natings
N = 30

Jcb Sample MASTS  Elsctronics  Modified
Total Tetal Ref. Tests MASZS

Ratings 50 .21 RIS .5He

On the basis of this test one would discard the hypothesis of Y"independ-
ence" betveen job-sample scores and ratings at the 2% level of signifi-
cancs; wiiereas the same hypothesls with reference to MASTS scores and

paiey

ratings would be discerded =zt the 10% level. It would thus appear safe
to conclude there was a sigaificant relation between superiors! ratings
and jot-sample performance but not bestween ratings and M4a3TS scores.

This latter result is at variancs with the higher relztionszhip between

the ratings, the electronrics reference tests, ana the mcdified MaASTS test.




C. 4Analysis of Test Administration and Problem Variables

It will be recalled from the earlier discussion of the experimental
design that a compromise was mads between two objectives: (1) to systema-
tically vary order end probiem group variables to cetermine their effect
on job-sample and MASTS scores; (2) to maintain homogeneous admini strea-
tive conditions as a basis for estimating true correlations. Tne eifects
of the administration variables and some of the internal charecteristics
of the tests will be considered in this section.

1. Test Order. Because the tasks presented to the subjects
Ly the job-sample and MAGTS tests were similar, it was predicted that
the order in which the tests were taken would influence the scores on
each. The job-sample test used equipment which probably was more fami-
liar o the men than was the MASTS test fermat. Therefore, it was pre-
dictea that the MASTS test would profit more from being given secoud
than would the job-sample testi. he counterbalanced design provided
f27 222h *eet fn he osiven first and each to be given second en egqual
munber of times, to control this crder variable. It is apparent from
Table VIII that the order in which the tests were adwinisiered Jid have
a 3ignificant influence on the test scores. The job-sample test had a
significantly greatcr number of solutions and 2 shorter median solution
time vhen given firsy than when given second. The MASTS test ylelded
a greater {not significant) aumber of soluticns and a significanily

shorter median solution time whern given second than when given first.

2. Problem Group Diffcrences. Through the use of the counter-

balanced desien it was possible to edminister two complete sets of prob-

lems in all orders. Tne sets of receiver itvems were labeled I and I1




Table VIII

Differences in Mean Numbers of Soluticns and Means of Individual Median
Solution Timee for Two frders of Test Administration

N =24
Administration Order o
. First Sezeond Diff. Diff. t

Number cerrect solutions

Job Sample &.,8% .05 1.7/5 <19 2.21*

MASTS 6.17 7.33 1.16 .19 1.50
Meangs of
Median Solution Times

Job Samnle 15.62 23,54 [.92 5,80 2.C8*

MASTS 17.62 11.5% 5.G8 1.88 3,17

* Significant at .0Y level
e*Significant at .0l level

and the red:r items & and B. A comparison of the meen number of solu-
tions for these two sets of problems 18 given in Table IX, and & similar

comparison of eolution times in Table X. It is evident from bhoth sets

Table IX

Comprrigan of the Menn dumbewr of forract
for Lifferent Froulem Groeups
(§ for each sub-group is 12)

(47]

~YyyaQ
CSAULICnLS

Teat Problen Group Distf. o~ Diff. L *
Rader
AT B
MASTS 2.50 3.58 1.08 Lol 2.34
Job Sample 3.00 4,00 1.00 . 508 .97
‘E—Receiver.ll-
MASTS 4,08 3.33 ) 475 1.58
Job Sample 4,75 4,17 .58 {458 T
*Significance levela: 5% t = 2,07
(22 d.f.) 1% ¢ = 2.82
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of data that problem groups A and B (radar prodlems) differed, whereas

groups I and IY (receiver protlems) did nct.

in the {uture, use of

these problems would profit from & study cf the redar problem groups to

account for the differences, and to remove factors producing inequality

if it were desired to use the groups as alternate or equivalent tests.

Table X

Differences in Solution Times for Different Problem Groups

(N for each aub-group ie 12)

Based on Means of Individual Median Solution Times

Test Precblem Group Diff. Diff. t
_Bador
A B
MASTS 18.25 12.58 5.67 1.40 4,05«
Job Sample  29.98 19.25 1023 3.18 3.254#
Recelver
I 11
MASTS 10.62 i3.21 2.59 2.07 1.25
Jot Sample 15.25 16.88 1.63 3.5% .46

#%Significant at .0l level

Je

Iffect of Order Within Problem Groups.

In the counter-

balanced design, the order ir wnich individual problems within a par-

ticular problem group were administered to the subjects was varied sys-

tematically from subject to subject.

the effects of warm-up, fatigue,

degree of test securlty.
«ll prcblems to show the influence of sequence position.
end comparable data for number of solutions in Figure 2.

giderable evidence for sequence effects on both variables.

e o T e . i A

S e A 5 st s 4 ARt

frustratioa,

e oo Srm—T— e .

ete.,

and to provide some

A graph was drawn of the solution times over

See Figure 1,
There is con-

Performance

The purpose of this was to control



generally was poor on the first problems tried; improved, and sometimes

returned to a lower level after four or five problems.
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4., 1Internal Cheracteristics of the Teste. The preliminary

administration of the job-sample and MASTS tests yielded inrormation
for evaluating the tests' internal characteristics - particulerly for
selecting the most effeztive problems, eliminating the poor ones, and
matching problems on difficulty ievel.. Because the prelimirary findings
were favorable to the continued use of such tests, an extensive revision
of the MASTS test has been undertesken. Therefore, the bulk of the data
on the internal properties of these tests will be presented in a later
report describing the revised measures.

Cne comparison whiéh ig of interest in this context is the
correlation between sub-tests or part scores on the two trouble shcoting

tests. The recsults are shown in Table XI.

Tabie XI

Rank Order Correlations Between Receiver and Radar Scores
on the Job Sample and MASTS Tests
{(For tne Homogeneous Group, N = 18)

Variables Rho
Job Sample: Receiver vs. Radar 53
MASTS: HKeceiver vs. Readar .30

This low correlation for the MASTS test {like *hose in Table IV) can be
attributed in larsge part to the fact that the variability in each haif
of the test (6 problers) was very low {moat subjects getting from 3 to
5 correct).

In an attempt to estimate the internal consistency reliability

of the job-sample and MASTS measures a raax order correlatlon coefficient

22~
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vas computed between the number of correct soluticns among odd-even

halves of the individual tests. Theee results are shown in Table ¥II.

Tadle XI1I

Rank Jrfer Correlations Between Scores Derived From Cdd and Even
Halves of the Job Sample and MASIS Tests
(Mumber of correct solutions with ties resolved
by solutions times; Homogeneous Group, N = 18)

Test Rho#*
Job Sample b7
MASTS 50

*Corrected by Spearmen Brown formila

It should be noted in interpretiug thiese correiations that the division
0of these tests into odd and even halves drastically curtails the poten-

tial range of scores. ZXech "nalf" consists of only three probvlems.

V. SUMMARY AND CONCIUSIORNS

This study was concerned with the development of a symboliic rep-

resentation of certain aspects of the electrunics trouble shooting task,
the MASTS Test, and witn the relation of the scores cttained from this
instrument to other, more conventional measures. Among these were a
Job-samnle equipment test, electronics reference tests, ability refer-

ence teste, and supervisor ratings.

The extremely long teeting time required per subject for the two
trouble shooting tests precluded their administration to the number of
subjects originally plenned, which would have been more satisfactory

for correlational analyses as well as for other comparative analyses.

o
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However, the results of the study were encouraging with respgect to the
MASTS test. Significant correlatione were obtained between the MASTS
test and ite job-sample counterpert.

Beszides the results reported here, the study yielded exploratory
tryout and preliminary test construction data on the three major clesses
of electronics trouble shooting measures involved. These are being used

currently in the revigion of the MASTS test.

® ok o % ok R o ok ok W
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APPENDIX

TABLE A

Tabulation of ET Samples by Ships

[¢2]
=
)
(*]

DD
DD2
DD3
D4
D05
DDb
DD7
DD3
CAl
CVl

No. of £is in

Final Samgle

*Starred samples indicate that all the ETs aboard that ship
served as subjects; in other ships, complete sempling could
not ‘ve achlieved becausze of various operational <.~

such as salling dates,

leaves,

TASLE B

Subject Data

‘i tions
training programs, e

Naval ET | Electronics Schools
kxperience in Months Naval

Rate N O-le | L5~cb 125 & over | & B C | Civilian
BT/ S 7 2 L 1 6l 1] 1

BT/ 3 18 3 b 7* 17,01 5

ET/2 10 0 4 6 1] 1] 5 o]
FT/1 1 0 0 1 1] C| O :
TOTAL 36 14 15 3n | 211

*Experience data was not avallable for

- -

two ET/3 subjects.
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PLATE i. PHOTOGRAPHS SHOWING THE
STRUCTURAL FEATURES AND THE USE OF
THE MASTS TEST.
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